I N T R O D U C T I O N
Erythrocytes earlier regarded as 'non target' cell for insulin, have been shown to posses specific receptors for insulin with characteristics similar to typical-target cells (1). Several alterations in erythrocytes have been reported in type 1 and type 2 diabetes mellitus (2). An altered activity of erythrocyte membrane Ca++-ATPase is seen in diabetic conditions (3, 4) . Altered Ca** regulation appears to play a major role in the development of cardiomyopathy as characterized by reduced conti:actibility, relaxation, cardiac work and diastolic complications (5) and may represent a common ,underlying abnormality linking the metabolic, cardiovascular, ocular, and neural manifestations of the diabetic disease process (6).
The bark of Pterocarpus marsupium is traditionally used in Indian Ayurveda system of medicine as an anti-diabetic drug. The compound responsible for anti-diabetic effect has been identified to be (-)epicatechin (7), a member of a group of compounds collectively known as catechins belonging to the class of flavonoids. In earlier reports we have shown certain insulin like effects of (-) epicatechin on erythrocytes of type 2 diabetic patients (8-11), the present work has been undertaken to evaluate the effect of (-)epicatechin on erythrocyte membrane bound Ca**-ATPase from normal and type 2 diabetic patients.
MATERIAL AND METHODS

Selection of subjects
The criterion for selection of type 2 diabetic patients was same as described (10, 11) . Blood from24 type 2 diabetic patients was taken for the study. None of the patients had hypertension or microalbuminuria. Hypertensive subjects were excluded to avoid any variation in results due to factors other than diabetes mellitus The mean age of type 2 diabetic patients was 56+8 years and their mean duration of diabetes was 10+5 years. Fasting blood glucose values of these subjects was 206+60 mg/100 ml. The control group consisted of 15 healthy volunteers, age group 22-50 years and fasting glucose level 78+12 rag/100 ml. None of the controls were affected by hypertension.
Blood collection, isolation of erythrocytes and membrane preparation.
ATP (sodium salt), ouabain, and (-)epicatechin were purchased from Sigma Chemical Company, St. Louis, USA. All other chemicals were of analytical grade and were purchased from HIMEDIA, LOBA or E. MERCK (India). Venous blood was collected from control and type 2 diabetic patients, after an overnight fast, with informed consent, using citric acid/sodium citrate/dextrose as anticoagulant. The blood sample was centrifuged at4~ for 10 min. at 1000g to remove plasma and buffy coat, the isolated erythrocytes were washed 3 to 4 times with 0.154 M NaCI. Erythrocyte plasma membrane was prepared as described by Marchesi and Palade (12) .
Determination of erythrocyte membrane Ca+*-ATPase activity.
Ca**-ATPase activity was assayed as described by Zaidi and Saleemuddin (13) . 2.25 ml of the assay mixture contained: 80 mM NaCI, 15 mM KCI, 3 mM MgCI 2, 18 mM Tris-HCI (pH 7.4), 0.1mM ouabain, 0.1 mM EGTA, 0.2 ml of the membrane solution containing 0.4 to 1.5 mg membrane protein per ml and + 0.2 mM CaCI 2. The react4on was initiated by addition of 0.1 ml of 30 mM ATP. The incubation of the assay mixture was carried out at 37~ for 30 minutes. The reaction was stopped by adding 3.5 ml of solution containing 0.5 M H2SO 4, 0.5% ammonium molybdate and 2% SDS. Liberated phosphate was estimated by a modified method of Fiske and Subbarow (14) and Ca--ATPase activity is expressed as micro mole Pi liberated per mg membrane protein/hour.
In vitro experiments were carried out by adding bovine insulin (10-9M) and/or (-)epicatechin (1 mM) to the enzyme assay medium and incubating at 37~ for 30 min. prior to enzyme assay. Appropriate controls were set up for each experiment. Blood glucose levels were measured using Ames Glucometer GX (Miles, India). Protein was estimated following the established method of Lowry et al. (15) . Statistical analysis was carried out by employing students 't' test, a probability of 0.001 being used as a level of significance.
RESULT AND DISCUSSION
The erythrocyte membrane Ca*~-ATPase activity of
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27-32 normal and type 2 diabetic patients is shown in table 1. The activity of enzyme was significantly lower in type 2 diabetic patients as compared to normal controls. (p<0.001). Decrease in the activity of erythrocyte Ca--ATPase has also been reported by other workers in type 2 diabetic patients (4, 16). Reduced membrane Ca**-ATPase activity as seen in type 2 diabetics may be responsible for increase in intracellular calcium and consequently, for elevated vascular resistance which is frequently associated with hypertension (17).
It has been hypothesized that the abnormal dynamic properties of the erythrocyte membrane in diabetic state may play a major role in determining the alterations in enzymatic activities (18). The decrease Mn the Ca*+-ATPase activity in the diabetic state may be due to altered membrane properties including functional and compositional changes (19) (20) .
Glycosylation is reported to cause changes in physical and biochemical properties of proteins and the rate of glycosylation depends on the proportion of sugar present in carbonyl form (21) . A relationship was found between the blood glucose levels and erythrocyte membrane ATPases activity (22) . It is reported that glycosylation of erythrocyte membrane proteins significantly inhibits Ca"-ATPase activity (23) . The decreased Ca++-ATPase activity in diabetes may also be due to increased glycosylation of erythrocyte membrane protein.
In vitro insulin treatment of isolated erythrocyte membrane from type 2 diabetic patients resulted in the increase of Ca+*-ATPase activity, however, no significant effect was observed on Ca**-ATPase from normal erythrocytes. Figure 1 shows the dose response of insulin (10-7-10-11M) on the activity of erythrocyte membrane Ca--ATPase of normal individuals and diabetic patients. In diabetics maximum increase in Ca--ATPase activity is observed at 10-9M hormone concentration, a lower inhibitory effect of insulin on the enzyme activity is observed at higher and lower insulin concentration resulting in a typical dose responsive curve. In contrast to its effect on diabetic erythrocyte Ca * § ATPase, no significant effect of insulin was observed on erythrocyte Ca--ATPase of normal individuals. This observation is intriguing since it is difficult to explain why insulin does not affect Ca*'-ATPase of normal erythrocytes. Studies on Na*/K+-ATPase has shown that insulin has a similar effect on the enzyme from both normal and diabetic erythrocytes (9). Treatment with (-)epicatechin (1raM) resulted in significant increase in the activity of erythrocyte Ca*+-ATPase in both normal and type 2 diabetic patients. A similar increase in Ca*+-ATPase activity was observed at higher (-)epicatechin concentrations, with lesser or no increase in activity at lower concentration ( Table 2) . Incubation of erythrocyte membrane with both insulin (10-gM) and (-)epicatechin (lmM) did not show any additive effect.
The observation of an increase in Ca++-ATPase activity in response to (-)epicatechin pretreatment is an interesting finding. Significantly insulin also 27-32 causes elevation of Ca+*-ATPase activity in diabetic erythrocytes. Although (-)epicatechin does seem to mimic insulin in its effect on diabetic erythrocyte Ca++-ATPase, it is difficult to predict its mechanism of action. Further work is needed to explain the effect of epicatechin on erythrocyte Ca*+-ATPase and also on other membrane bound enzymes (9,10).
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